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ABSTRACT
This project aims in revealing varieties of methods in tool feed control for Micro 
electric discharge machining (EDM) process with new advanced technology achieved. 
Although Micro EDM usage is essential in manufacturing sector but the gap phenomena 
still remains complicated and unstable. Recent research improves the gap control 
problem with latest technology such as servomechanism, fuzzy logic, Piezoelectric 
transducer (PZT), ultrasonic vibration and many more. PZT tool feed control system is 
used in this project as the main system to prevent any adhesion and to reduce tool wear. 
This project also aims in discussing factors influencing tool wear and new tool materials 
in Micro EDM. Tool wear prevention in EDM is essential because quality and precision 
of the product machined by EDM depends on the tool wear. If the tool wear is high, the 
product machined depth will be inaccurate with low surface quality. In future prospect, 
Micro EDM should be equipped with self learning and user friendly utilities for mass 
production usage. Future Micro EDM will be a package of integrated self learning and 
fast production machine. 
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ABSTRAK
Projek ini bertujuan untuk membangunkan mesin Mikro Electric Discharge Machining
atau EDM dengan penggunaan sistem Piezoelectric Transducer atau PZT  dan
mengungkap pelbagai kaedah yang berkaitan sistem kawalan alat mesin untuk proses 
EDM yang penting dalam sektor pembuatan yang maju. Walaupun Mikro EDM penting
dalam pembuatan tetapi fenomena pengawalan celah antara alat mesin dan bahan masih
merupakan masalah yang belum jelas dan tidak stabil. Kajian terbaru terbukti telah
menolong dalam memperbaiki fenomena kawalan celahan antara alat mesin dan bahan
seperti teknologi pengunaan motor servo, fuzzy Logic, PZT dan lain – lain. Sistem PZT 
dipilih dalam projek ini sebagai sistem yang menghalang kejadian penghakisan alat
mesin. Projek ini juga bertujuan untuk membincangkan faktor – faktor yang 
mempengaruhi hakisan alat mesin Mikro EDM. Pencegahan hakisan adalah penting
dalam EDM kerana kualiti bahan yang dimesin bergantung kepada keadaan alat mesin.
Jika hakisan alat mesin adalah tinggi, lubang yang dimesin di permukaan bahan tidak
akan tepat. Di masa hadapan, Mikro EDM haruslah disertakan dengan teknologi yang 
boleh menolong mesin tersebut dalam mengesan kesilapan dan memperbaikinya.
ix
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CHAPTER 1
INTRODUCTION
1.1 PROJECT BACKGROUND
Electrical Discharge Machining or EDM is a manufacturing process in cutting 
complicated designs and shapes by using electrical discharge. Industries, nowadays, 
requires fast, precision and reliable fabricating machine such as EDM. Since the EDM 
is a thermal process, hard materials such as quenched steel, cemented carbide and 
electrically conductive ceramics can be machined. Since the tool electrodedoes not need 
to rotate for material removal like milling orgrinding, holes with sharp corners and 
irregular contourscan be machined without difficulty. EDM and Micro EDM are the 
same machining but have a few differences such as Micro EDM cutting tool is very 
small compared with conventional EDM and voltage supplied for machining for Micro 
EDM is much less than the normal EDM.
EDM can be divided into two types that are sinker EDM and wire EDM. Sinker 
EDM consist an electrode(tool) and a workpiece that are submerged in dielectric fluid. 
Electric power is supplied to both of these parts and when the electrode approaches the 
workpiece current intensity increase resulting sparks in the gap between workpiece and 
the electrode. The workpiece surface will start to erode due to the sparks and this is how 
the cutting process works in sinker EDM.
The other type of EDM is the wire EDM that uses wire as the cutting tool. The 
wire, usually brass, suitable in cutting plates with thickness up to 300 mm and not 
typically used in producing complex 3D designs. The wire is fed through the workpiece 
in dielectric fluid and the feeding is done from a spool that is held between upper and 
2lower the diamond guides. Wire EDM also suitable to make punches, tools and dies 
from hard metal.
The latest technology in the EDM family is the electrical discharge grinding or 
EDG. A rotating grinding wheel, that contains no abrasives, removes material from the 
workpiece surface by spark discharges between the rotating grinding wheel and the 
workpiece. The grinding wheel is usually made of brass or graphite and this process is
primarily for grinding carbide tools. Fragile parts such as honeycomb structures, 
surgical instrument and thin walled tubes are also produced using this technology.
1.1.1 Design Consideration For EDM
The common and general design guidelines for electrical discharge machining are 
as follows:
(i) Parts should be designed so that the required electrodes can be shaped 
properly and economically.
(ii) Deep slots and narrow openings should be avoided.
(iii) For economic production rate, the surface finish specified should not be 
too fine.
(iv) In order to achieve a high production rate, the bulk of material removal 
should be done by convectional processes (roughing out). 
Source:Kalpakjian and Schmid (2007)
1.1.2 Advantages And Disadvantages Of EDM
Some of the advantages of EDM include the machining of:
(i) complex shapes that would otherwise be difficult to produce with 
conventional cutting tools 
(ii) extremely hard material to very close tolerances 
(iii) Very small work pieces where conventional cutting tools may damage the 
part from excess cutting tool pressure. 
3(iv) There is no direct contact between tool and work piece.Therefore delicate 
sections and weak materials can be machined without any distortions.
Some of the disadvantages of EDM include:
(i) The slow rate of material removal. 
(ii) The additional time and cost used for creating electrodes for sinker EDM. 
(iii) Reproducing sharp corners on the workpiece is difficult due to electrode 
wear. 
(iv) Specific power consumption is very high.
Source: Kalpakjian and Schmid (2007)
1.2 PROBLEM STATEMENT
The machining characteristics of micro-EDM remainunclear, especially in regard 
to the total energy of dischargepulses and tool electrode wear, since the energy is not 
onlyused to machine the workpiece, but also degrades the toolelectrode. Hence, the 
accuracy of the components machinedby micro-EDM is also influenced by the wear of 
the toolelectrode.
Adhesion, short-circuiting and cavitations occur frequentlyduring machining 
processes in micro-EDM, making thedischarge pulses become unstable and machining 
time becomes excessively long.Adhesion occurs when the melted componentof the 
workpiece becomes attached to the toolelectrode, causing the discharge pulse to become 
unstableas a result of short-circuiting between the workpiece andtool electrode, and 
inhibiting the insulation recovery of themicro-EDM machine. Adhesion causes the 
machining time tolengthen because the machine table is controlled to move inthe 
reverse direction of the feed to maintain the gapdistance between the workpiece and tool 
electrode. Whenadhesion, short-circuiting, and cavitations occur, it is noteasy to 
accurately predict the machining time.
41.3 PROJECT OBJECTIVES
There two objectives that must be achieved in this project and that are:
(i) Develop a micro EDM with Piezoelectric Transducer(PZT) tool feed
mechanism
(ii) To investigate tool wear in Piezoelectric Transducer(PZT) actuated Micro 
EDM 
1.4 SCOPE OF PROJECT
In this project, a Micro EDM machine with Piezoelectric Transducer(PZT) to 
control tool feed will be developed. The scopes that are required in developing this 
machine are:
(i) To develop EDM control system
(ii) Tool design & analysis using Algor
(iii) Tool Wear Rate(TWR) comparison between theoretical and experiment
1.5 CONCLUSION
With the given scopes and objectives, the main idea of this project had been 
standardize to cope with time line and obstacles that could occur in future.
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
The principle of electrical discharge machining (EDM) is based on the erosion 
of metals by spark discharges. When two current conducting wires are allowed to touch 
each other an arc is produced. If we look closely at the point of contact between the two 
wires, we note that a small portion of metal have been eroded away, leaving a small 
crater.
Although this phenomenon has been known since the discovery of electricity, it 
was not until 1940s that a machining process based on this principle was developed. 
The EDM process has become one of the most important and widely used production 
technologies in manufacturing.
2.2 TYPES OF EDM
Generally, there are many types of EDM machine available in the market
such as Electric Discharge Grinding (EDG), Wire electric Discharge Machining 
(WEDM) and the most common is the sinking EDM.
2.2.1 Sink EDM
The basic sink EDM system consists of a  tool (electrode) and the workpiece are 
supplied with electricity and placed in a dielectric(electrically non conducting) fluids. 
6Figure 2.1: SinkEDM working principles
Source: Kunieda et al. (2007)
Based on figure 2.1, the pulsed arc discharges occur at the gap width that is filled 
with dielectric fluid such as hydrocarbon oil or de-ionized water. The tool represents the 
positive charged body and the workpiece negative charged. Thus, when the charges
potential differences are sufficiently high, the dielectric breaks down and a transient 
spark discharges through the fluid. This is the discharge current that copies the tool 
shape on the workpiece just like in figure 2.1, the workpiece surface erodes when the 
sparks created in the gap touches the workpiece surface.
Figure 2.2: An example of sink EDM
Source: www.googleimage.com/sinkerEDM(retrieved on 26.11.2009)
7The gap width must be maintained in a suitable range to avoid short circuiting. 
The downward feed of the tool is controlled by a servomechanism, which automatically 
maintains a constant gap. The ignitionof the discharge is initiated by a high voltage, 
overcomingthe dielectric breakdown strength of the small gap. Achannel of plasma 
(ionized, electrically conductive gas withhigh temperature) is formed between the 
electrodes anddevelops further with discharge duration. As the metalremoval per 
discharge is very small, discharges shouldoccur at high frequencies (103 -106 Hz). For 
every pulse, discharge occurs at a single location where the electrode material ejected in 
molten phase.
Because the process does not involve mechanical energy, the hardness, strength 
and toughness of the workpiece material do not necessarily influence the removal rate. 
The frequency of discharge or the energy per discharge, the voltage, and the current 
usually are varied to control the removal rate. The removal rate and surface roughness 
increase with increasing current density and decreasing frequency of spark.
2.2.2 Wire EDM
Figure 2.3: Wire EDM process
Source: www.googleimage.com/sinkerEDM(retrieved on 26.11.2009)
8From figure 2.2 we learn that this machine uses wire that is usually made of 
brass or tungsten, as the tool in cutting the workpiece. The wire diameter is around 0.30 
mm for roughing cuts and 0.20 mm for finishing cuts. The wire represents the negative 
charged part and the workpiece is the positive charged part. Dielectric fluid is supplied 
using a nozzle that directs the fluid straight to the cutting point. The guides control the 
movement and the feeding of the wire.
Figure 2.4: An example of wire EDM
Source: www.googleimage/WEDM(retrieved on 26/11/2009)
High technology wire EDM are equipped with following features:
(i) Computer controls for controlling the cutting path of the wire and its angle.
(ii) Multiheads for cutting two parts at the same time.
(iii) Features such as controls for preventing wire breakage.
(iv) Automatic self threading features in case of wire breakage.
(v) Programmed machining strategies to optimize the operation.              
Source: Kalpakjian and Schmid (2007)
